A virus cloned from the pathogenic GA strain of Marek's disease virus (MDV) was propagated in duck embryo fibroblast culture. Virions released into the growth medium (RV) and virions extracted from the infected cells (EV) were separately concentrated, purified, and compared. The concentration of naked and enveloped virions recovered was significantly higher from the RV preparations than from the EV. Viral DNA from both sources was identical in buoyant density (1.706 g/cm3), but DNA yield from the RV was 5 times as great. Host contamination experiments showed the RV to be a much purer preparation than the EV.
INTRODUCTION

The virus of Marek's disease (MD) is cell-associated in vitro and in tumor cells as well as in most tissues of infected chickens (2,12). Mature enveloped virions have been found in the feather follicles of infected chickens, and cell-free suspensions of the virus extracted from this source induce the disease in inoculated chickens (3,8).
One of the major limitations in obtaining high concentrations of MD virus is the highly cell-associated nature of the virus and the small number of virions usually present in the infected cells. These restrictions are responsible for a small virus yield from infected cell cultures and for the difficulty in obtaining purified preparations. We found that a clone-purified pathogenic GA strain of MDV (9) propagates readily in duck embryo fibroblast (DEF) cultures, causing a massive infection of the monolayer with subsequent release into the growth medium of a large number of naked and enveloped virions. The present communication reports the yield of high concentrations of virus with a high degree of purity from the growth medium as compared with virus extracted from infected cells. Virus. A 15th cell-culture-passaged GA strain of MDV was used in this study. The virus was clone-purified at the 9th passage (9) and had been propagated in duck embryo fibroblast (DEF) culture.
MATERIALS AND METHODS
Chemicals
Cell culture and virus propagation. Primary cultures of DEF
were prepared from 14-day-old duck embryos and propagated in roller bottles as described previously (5). Forty-eight hours later, each bottle was seeded with 19th-passaged clone-purified GA strain of MDV at a ratio of one infected cell per 15-20 cells in the monolayer. Twenty-four hours postinoculation, the growth medium in the infected cultures to be used for DNA studies was replaced with thymine-free medium 199 supplemented with 1% dialyzed calf serum and 3H-thymidine (5 ,uc/ml). A set of uninfected cultures received similar medium containing 14C-thymidine (0.25 A,c/ml) instead of 3H-thymidine.
Purification of virus. The released virus (RV) was concentrated as follows: the growth medium of heavily infected cultures from roller bottles was collected and centrifuged at 7,970 X g for 10 minutes. The supernatant fluid was further centrifuged at 95,500 < g for 60 minutes and the pellet so formed was suspended in phosphate-buffer saline.
The intracellular virus (EV) was extracted and partially purified. Monolayers of heavily infected culture were scraped off from roller bottles and disrupted by Dounce homogenization after 10 minutes of swelling in reticulocyte standard buffer (RSB). It was then centrifuged at 12,000 X g for 10 minutes. The supernatant containing the virus was layered onto 37-ml linear sucrose density Viral DNA from RV and EV labeled with 3H-thymidine was extracted as follows. Sodium dodecyl sulfate and heat-inactivated pronase (Calbiochem, Los Angeles, California) were added to the virus concentrate to make respective final concentrations of 2% and 2 mg/ml. The mixture was then incubated in a 37 C water bath for 1 hour. An equal volume of redistilled water-saturated phenol was added to the mixture and gently shaken for 1 hour at room temperature, then centrifuged at 6,000 X g for 10 minutes with a Sorvall RC-2B centrifuge on an SS-34 angular rotor. The aqueous layer containing DNA was removed and dialyzed against TES for 24-48 hours. to the infected culture 48 hours postinfection. Ninety-six hours postinfection, the infected cells and virus from the growth media were harvested and purified.
RESULTS
Electron-microscope examination of RV and EV. Several preparations of released virus were negatively stained and examined with the electron microscope. Many naked and enveloped virions were found in these preparations. Although single virions were seen randomly distributed, aggregates of either naked or enveloped virions were observed more frequently (Fig. 1) . Aggregates of naked virions consisted of 50-500 closely packed particles (Fig. 1) . This close packing obscured the morphology of the virions at the center of an aggregate. The virions in the periphery of the aggregate were easily resolved ( Fig. 1) and had the typical morphology of naked herpesvirions with hollow-centered cylindrical capsomeres (Fig. 2) . Aggregates of enveloped virions, on the other hand, consisted of 5-20 particles (Figs. 3, 4) , though occasionally as many as 80 (Fig. 3) . Often these virions were not penetrated by PTA and their internal structure remained unclear (Fig. 3) . Those penetrated by PTA (Fig. 4) , however, consisted of an outer envelope, nucleocapsid, and a filamentous material filling the main portion of the envelope. These latter particles measured 200-250 nm in diameter, whereas those not penetrated by PTA measured 150-180 nm. Preparations of the extracted virus contained mostly naked virions. Enveloped virions were also seen, but much less often. The naked virions were individually scattered throughout the field of the electron microscope and were seldom seen in aggregates of more than 20 virions (Fig. 5 ). There were fewer naked virions in these preparations than in preparations of the RV. Purity and yield of DNA. Table 1 preparation, however, was about 5 times that from the EV. In one experiment more than 10 times as much DNA was extracted from the RV as from the EV. Also, host-contamination experiments showed RV to have a 10-16% contamination, compared with 37-39 % for the EV.
